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COVER: These unusually shaped polymer crystals are examples 
of a novel phenomenon observed by scientists in the NBS Polymers 
Division in recent studies on three polymers. Their investigations 
revealed that the lower the temperature at which these polymers 
crystallize from solution, the more pronounced is the curvature of 
the crystals formed in suspension in the solvent. These four-fold 
symmeirical hollow bowl-shaped objects, shown in different per- 
spectives, are curved crystals of tetragonal poly(4-methylpen- 
tene-1). The habit of these crystals contrasts vividly with that of 
the square-shaped platelets formed at higher crystallization temper- 
atures. (Phase contrast optics, about 1300.) 
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Robert A. Lawton assembles the 3-port 
component of his newly developed precision 
rf current comparator. 


PRECISION 
COAXIAL CURRENT 
COMPARATOR 


Measurements of voltage in a cir- 


Circuits 
Unaffected 
by Insertion 
of Network 
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cuit are readily made with high ac- 
curacy by potentiometers for direct 
current and with transfer techniques 
over a broad frequency range. Cur- 
rent, on the other hand. is usually 
measured by measuring the voltage 
across a known impedance in the cir- 
cuit. While this method is useful for 
de and over much of the ac range, the 
impedance introduced often results in 
an error-producing change in current. 


C. M. Allred and R. A. Lawton, of 
the NBS Radio Standards Engineer- 
ing Division in Boulder, Colo., have 
recently designed and tested a device 
that virtually eliminates the error due 
to added impedance.? 

The new apparatus, called a preci- 
sion current comparator, makes cur- 
rent measurements by supplying an 
equal and opposite voltage to the 
voltage existing across an impedance 
so that the net voltage is zero and effec- 
tively the impedance becomes zero. 

In an application using coaxial 
lines, the device enables current meas- 
urements to be made literally “from 
the inside” of the circuit instead of 
using exterior attachments. A 0.001- 
inch gap in the line samples the cur- 
rent, but because of the peculiar volt- 
age compensation, measurements in 
the external circuit indicate that the 
line was effectively solid and contin- 
uous. Therefore the current is not 
perturbed by the comparator. 

The amplitude of the opposing volt- 
age is set by precise adjustable at- 
tenuators and its phase by precision 
phase shifters. The voltage ratios are 
measured at the terminal to which the 
voltage source is connected. The ratio 
of the null-producing voltages for any 
two currents is the ratio of the cur- 
rents themselves: if one current is 
known, so is the other. The known cur- 
rent could be a standard current 
source at an optimum level for great- 
est accuracy. 

The new current comparator was 
originally developed for use in meas- 
uring the relative amplitude and phase 
distribution of the current on a thick 
circular cylindrical antenna. The 
principle of the device applies to 
measurements over the entire radio- 
frequency range. although the hard- 
ware and technique may be specific 
to certain frequencies 


1 Allred, C. M., and Lawton, R. A., A precision 
current comparator, IEEE Trans. Instr. Meas 
IM—16, 142-145 (June 1967) 
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A three-part graph illustrates the sensitivity 
of the electron impact spectrometer. The 
upper portion charts relative proportions of 
the air’s most prominent constituents; the 
lower portion is a spectrum of pure CO. 
The central graph shows an expansion of 
the spectrum of air as given by the impact 
spectrometer (1) with no CO (dashed 
curve), and (2) with 250 ppm of CO 

(solid curve). 
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SPECTROMETER 
FOUND VALUABLE 


TRACE ANALYSIS 


Stanley Mielczarek 
makes an adjustment 
on the spectrometer 
within its evacuated 
housing. Double 
circular loops counter- 
act the earth’s magnetic 


field. 


An instrument called an electron 
impact spectrometer, developed four 
years ago at the National Bureau of 
Standards for research in atomic 
physics, has recently shown great 
potential in the field of chemical trace 
analysis. At its current state of devel- 
opment, the spectrometer can, for 
example, detect 15 parts per million of 
carbon monoxide in the presence of 
all the interfering constituents of 
normal air. The instrument’s high 
resolution and_ sensitivity should 
make it valuable for use in trace anal- 
ysis and in the detection and control 
of air pollution. Its full capabilities are 
being investigated in a joint program 
of NBS and NASA’s Langley Re- 
search Center. 

Developed by J. A. Simpson, C. E. 
Kuyatt, and S. R. Mielezarek ' of the 
NBS Institute for Basic Standards, the 
electron impact spectrometer was orig- 
inally designed for determining the 
electron-scattering characteristics of 
atoms and simple molecules. Its opera- 
tion depends on the collison of elec- 
trons with gas atoms or molecules. 
Upon impact, the collision electrons 
transfer their energy to the electrons 
















bound within the atom, which are thus 
raised from the stable state to an ex- 
cited energy level. The spectrometer 
disperses the collision electrons ac- 
cording to their energies after impact, 
and the resultant energy spectrum 
corresponds to the optical absorption 
spectrum of the gas.” 

The apparatus includes an electron 
gun, monochromator,* analyzer, and 
collector. This assembly is bent into 
an “S” for compactness and light 
weight and is enclosed in an evacuated 
housing, about a foot long. The gun 
generates the electrons in a well de- 
fined beam, which passes through the 
monochromator making a 180° turn. 
The electrons then collide with the 
various atoms and molecular com- 
pounds of the target gas. The elec- 
trons after the collision are dispersed 
in the analyzer as they traverse an- 
other 180° turn and are then collected. 

In a recent analysis of such spectra 
at NBS many more well defined peaks 
appeared than were expected for the 
specific gas sample under study. Ap- 
parently other gases, present only in 
trace quantities, were showing up in 
the spectrum. To test this hypothesis 
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and to determine the limits of the in- 
strument’s resolution and sensitivity, 
gas samples of known dilution were 
prepared for study. In analyzing these 
samples, the device demonstrated a 
sensitivity and a precision which are 
currently available only with the most 
refined analytical techniques. For ex- 
ample, in a study of the atmosphere, 
the naturally occurring argon and 
helium in the sample (approximately 
0.2 nanogram and 0.2 picogram, re- 
spectively) were detected. In less 
favorable conditions where interfer- 
ence is a problem, as in detecting car- 
bon monoxide in air, contaminants 
on the order of 10 parts per million 
have been detected. It is believed that 
this level can be lowered in all but the 
worst cases of interference. 

The electron impact spectrometer 
possesses a number of advantages over 
other analytical instruments. As com- 
pared to the mass spectrometer, the 
instrument it most resembles, the elec- 
tron impact spectrometer is smaller, 
lighter in weight, and, at least for 
atoms and simple molecules, much less 
prone to interference between con- 
stituents of mixtures. For example, 
since CO and N. have an atomic 
weight difference that begins to occur 
in the third decimal place, difficulties 
present in the analytical mass spec- 
trometer are absent in the impact 
spectrometer. Moreover, the problem 
of identifying the parent compounds 
from their fragments does not arise. 

Compared to an optical absorption 
spectrometer, the electron impact spec- 
trometer has a wider wavelength range 
(one run can cover energy losses cor- 
responding to wavelengths from the 
x ray to the visible region). Since the 
response is linear, rather than expo- 
nential, with concentration, sensitivity 
is greatly improved and thus the spec- 
tra are easier to interpret. 


NBS develops new tool for exploring atomic 
structure, NBS Tech. News Bull. 48, No. 4, 64— 
68 (Apr. 1964). 

* Simpson, J. A., Kuyatt, C. E., and Mielczarek, 
S. R., Absorption spectrum of SF, in the far 
ultraviolet by electron impact, J. Chem. Phys. 
44, No. 12, 4403-4404 (June 1966). 

* Kuyatt, C. E., and Simpson, J. A., Electron 
monochromator design, Rev. Sci. Instr. 38, No. 1, 
103-111 (Jan. 1967). 
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NBS INITIATES 
LIQUID HELIUM 
STUDY 


The NBS Institute for Basic Standards recently initiated 
a long-range study to facilitate the use of liquid helium 
as a coolant for low-electrical-resistivity and supercon- 
ducting devices. The study is sponsored by the Atomic 
Energy Commission and is being carried out under the 
direction of V. D. Arp of the Cryogenics Laboratory in 
Boulder, Colo. 

Superconductivity is the absence of electrical resistance 
in certain materials below a characteristic transition tem- 
perature; it is at present one of the most active fields of 
research in physics. While superconducting technology is 
currently applied mainly in areas of high-energy physics, 
controlled fusion, and aerospace research, the possibilities 
for large commercial applications exist in such areas as 
measurement devices, computer switching, levitation of 
high-speed trains, and superconducting transmission lines. 

Although present and anticipated applications of super- 
conductors require liquid or supercritical* helium cool- 
ing, there is a lack of basic data on many of the physical 
properties of helium in the supercritical region. The pur- 
pose of the NBS program is to produce information on 
heat transfer and associated fluid properties that is needed 
for the optimum design of systems using liquid helium 
as a coolant. 

The physical properties of liquid helium change at a 
temperature of approximately 2.189 K (lambda point). 
The stable liquid between this point and the critical tem- 
perature is known as helium I. That form existing from 
the lambda point to absolute zero is called helium II. 

The overall NBS program will include research on super- 
critical helium, and both helium I and II. The first phase 
of the investigation will mainly attempt to obtain data 
on the physical properties of helium I and supercritical 
helium; it will be coupled with an experimental program 
to determine heat transfer data. 

Initially, research on helium II is expected to be con- 
centrated on a critical review, oriented toward design in- 
formation. Currently, the reported data are quite dispersed 
and difficult to translate into design use for large systems. 

Results from the NBS program should prove extremely 
valuable to cryogenic engineers for the design and devel- 
opment of superconducting devices and systems related 
not only to present research and space projects, but also 
to proposed industrial and commercial uses. 


“Supercritical helium is fluid helium existing at a pressure and tempera- 
ture above the critical pressure and temperature of helium I. 





D. E. Daney installs a 
centrifugal-type, liquid 
hydrogen chill-down 
pump in the slush 
hydrogen generation 
equipment. 


PUMPING CHARACTERISTICS 


OF SLUSH HYDROGEN STUDIED 


The NBS Institute for Basic Standards recently com- 
pleted a study ' on the pumping characteristics of slush 
a mixture of solid and liquid hydrogen that 
shows high potential as a spacecraft fuel. This investiga- 
tion, sponsored by the National Aeronautics and Space 
Administration, is part of an extensive characterization 
study on slush hydrogen to determine its practicality as a 


hydrogen 


replacement for liquid hydrogen in certain advanced space 
missions. Slush hydrogen has several advantages over 
liquid hydrogen, which is now widely used as a rocket 
fuel. The greater density and smaller evaporation losses of 
slush hydrogen, for example, make it easier to store and 
transfer. 

Previous slush-hydrogen research at the Bureau dealt 
with the development of a freeze-thaw technique for 
making a reproducible, flowable mixture of fine, solid 
hydrogen particles in a liquid melt. The size distribution 
and terminal velocity of the solid hydrogen particles were 
determined, and aging effects on the particles were investi- 
gated. In addition, an experimental flow loop was designed 
and constructed to study the flow relations and transport 
characteristics of slush hydrogen. 
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The pumping characteristics of liquid-solid mixtures of 
hydrogen, investigated during the latest phase of the 
Bureau’s characterization program, are of considerable 
interest, since the use of slush as a rocket propellant will 
require that it be pumped on both ground installations 
and space vehicles. 

The main objectives of the pump tests were to determine 
if slush hydrogen could be pumped with a conventional- 
type liquid hydrogen pump: to compare the pumping 
characteristics of liquid and slush hydrogen: and to in- 
vestigate possible pump wear or damage due to the pres- 
ence of solid particles. 

The pump used in the tests is a commercially avail- 
able, centrifugal-type chill-down pump, designed for the 
Saturn S-IV B, and modified by the addition of a helium 
gas-driven turbine and by the separation of the discharge 
volute from the motor housing. The latter modification 
was made so that the pump could be inserted and mounted 
inside a 120-gallon slush generator that is part of the 
slush hydrogen facility at NBS. When driven by the helium 
turbine, the pump has a variable speed of 6000 to 19 000 
rpm, produces flow rates up to 350 gpm, and develops pres- 

continued on page 224 
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NBS IMPROVES NULL-POINT POTENTIOMETRY 


HIGH SENSITIVITY ATTAINED 


Richard A. Durst makes instrument adjustments during operation of the Bureau- 


modified concentration cell assembly at right. 


Recent NBS modifications to null- 
point potentiometry have made it one 
of the most sensitive tools now avail- 
able for chemical analysis. Its in- 
creased accuracy and precision have 
enabled Bureau scientists to determine 
trace amounts of silver and fluoride in 
volumes as small as 10 microliters.’ 
And. for the first time, fluoride has 
been determined at the subnanogram 
(<10° g) level. 

As modified by R. A. Durst and 
J. K. Taylor of the NBS Institute for 
Materials Research, the technique is 
equally promising for other fields of 
research. It is especially valuable in 
the areas of plant physiology (tracing 
the effects of fluoride) and oceanog- 
raphy (analyzing interstitial water 
squeezed out of corings) because the 
sample is not destroyed and can be 
analyzed in minute quantities. 

In principle. null-point potenti- 
ometry is a simple titration technique 
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that compares the solution to be ana- 
lyzed with a solution of known com- 
position. The apparatus used for the 
titration is a concentration cell con- 
sisting of an analate half cell, a titra- 
tion half cell, and a salt bridge. In 
the comparison, a known quantity of 
standard solution (titrant) 
to the titration half cell until its con- 


is added 


centration is the same as that of the 
sample solution in the analate half 
cell. 

In the NBS method. the analate and 
titration solution volumes are pur- 
posely made unequal. so as to pro- 
vide an “amplification factor” for in- 
creasing the precision and accuracy 
of the determination. This “ampli- 
fication factor’ —the ratio of the vol- 
umes of the two solutions—works in 
the following way: If the volume of 
the titration solution is 100 milliliters 
and the volume of the unknown solu- 


tion is 10 microliters. the ratio is 10- 


000 to 1. Therefore. to make the con- 
centrations of both solutions equal, 
the amount of the sought-for substance 
(fluoride, for example) added to the 
titration be 10 000 
times greater than the amount of 
analate in the unknown solution. The 
accuracy and precision are signif- 
icantly increased by the addition of 
relatively concentrated titrant solu- 
tions by conventional rather than by 
microchemical techniques. 

In the Bureau method for fluoride, 
the physical arrangement of the anal- 
ate half cell electrode differs decidedly 


solution must 


from the conventional arrangement. 
That is, the electrode is inverted and 
becomes the analate microcell.’ Sev- 
eral advantages then follow from this 
arrangement: The sample does not be- 
come contaminated by the titrant solu- 
tion, it is preserved for further studies, 
and it serves only as a reference solu- 
tion. However, when the electrode was 
inverted, certain changes had to be 
incorporated in that portion of the 
microcell that contains the sample and 
the internal reference solution. One 
of these modifications was to convert 
the internal (liquid) reference solu- 
tion to a gel. thus preventing air en- 
trapment. Another change was to re- 
duce the size of the sample container 
and thereby decrease the required 
sample volume to 10yl. 

The potential of the concentration 
cell is measured by connecting the 
electrode leads to a pH meter ( which 
serves as a voltage follower-amplifier 
for a potentiometric recorder) and al- 
lowing the system to come to equilib- 
rium. The potential then is read from 
the recorder to the nearest tenth of a 
millivolt. When the recorder indicates 
the null potential, the analate con- 
centrations in the two solutions are 
equal and the end point has been 
reached. Depending on the concen- 
tration of the solutions, a normal ti- 
tration with four emf readings is 

continued 
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POTENTIOMETRY continued 


Unique features 
of this NBS cell 
are the inverted 
electrode (left) 
and the modified 
microcell (dotted 
circle). 


completed in about 15 to 35 minutes, 
with less concentrated solutions re- 
quiring longer titration times because 
of slower equilibration. 

The linear titration curve—a loga- 
rithmic plot of the amount of titrant 
added versus the cell potential (as de- 
termined from the Nernst equation ) — 
was devised by Drs. Durst and Taylor 
to improve the precision and to serve 
as a check on possible errors occur- 
ring during titration. In the fluoride 
and silver determinations, computer 
analyses of the data complemented 
these graphical analyses. 

The low levels determined in these 
measurements clearly rank the NBS 
technique as the most sensitive micro- 
analytical method for the determina- 
tion of fluoride. In this method, 380 
picograms (10°'* g) of fluoride were 
determined with an error of only 2 
picograms at the concentration level 


SLUSH HYDROGEN continued 


sures up to 26 psi. The specific speed range of the pump is 
from 1600 to 3100 rpm. 

The NBS flow loop facility, used for the pump tests, 
consists essentially of the 120-gallon slush generating 
dewar, containing the pump; and a two-inch discharge 
line, which passes through an observation window to a 
900-gallon receiving dewar. It was possible throughout 
the tests to pump the slush, produced in the generator by 
the freeze-thaw technique, to the receiver, or alternatively, 
through the return loop back to the generator. Globe 
valves, provided in the transfer line, allowed control of 
the flow and developed pressure of the pump. 

Performance tests at 8000, 11 000, 14.000, and 19 000 
rpm were made of both slush and triple-point liquid, with 
the generator and receiver pressurized to approximately 
one atmosphere with helium gas. 

Cavitation tests, at 11 000 and 14.000 rpm, were also 
carried out. These tests were conducted in a manner similar 
to the performance tests, with the notable exception that 
the generator and receiver were initially pressurized to 
about 0.2 atmosphere. 


During the performance and cavitation tests, the pump 
had a total running time of 79 minutes, of which time 
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of 2 x 10°° M. For silver, the improved 
method has been found to be more 
precise in the lower concentrations 
than any other technique.* 


1 For further information, see Durst, R. A., and 
Taylor, J. K., Modified linear null-point potenti- 


"|. UNMODIFIED 


MODIFIED ELECTRODE 


MICROCELL 


MODIFIED 
ELECTRODE 


TITRATION 
SOLUTION 


ELECTRODE 
LEAD 
ANALATE 
HALF CELL 


TITRATION 
HALF CELL 


CONCENTRATION CELL 


ometry, Anal. Chem. 39, 1374 (1967). See also, 
Durst, R. A., Fluoride microanalysis by linear 
null-point potentiometry, Anal. Chem. 40, 931 
(1968). 

2 Durst, R. A., and Taylor, J. K., Modification 
of the fluoride activity electrode for micro- 
chemical analysis, Anal. Chem. 39, 1483 (1967). 

3 Durst, R. A., May, E. L., and Taylor, J. K., 
Improved technique for the microdetermination of 
silver by linear null-point potentiometry, Anal. 
Chem. 40, 977 (1968). 


slush hydrogen was pumped for a total of 33.8 minutes. 
Although in most cases the slush was freshly made, two 
runs were made with slush aged to six hours. 
Throughout the tests measurement data were recorded 
of pressures, pump speed, liquid or slush volume, and 
slush density. The pressures were measured with trans- 
ducers, mounted external to the generator; pump speed was 
sensed by a magnetic pickup, located at the splines in the 
pump shaft; liquid or slush volume was determined by ten 
carbon-resistor liquid-level sensors; and the solid frac- 
tion of the slush in the generator was measured by means 


of a nuclear radiation attenuation densitometer. 


At the termination of the pump tests, an analysis of data 
and careful inspection of all pump parts resulted in the 
following conclusions: (1) As predicted from theory, 
pump performance and cavitation for slush and liquid 
hydrogen are the same when the difference in fluid density 
is considered; (2) both aged and fresh slush hydrogen, 
prepared by the freeze-thaw process, can be pumped by a 
properly-selected, conventional liquid hydrogen pump; 
and (3) slush hydrogen causes no additional wear to pump 
components over that caused by liquid hydrogen. 


'Daney, D. E., Ludtke, P. R., Chelton, D. B., and Sindt, C. F., Slush 
Hydrogen Pumping Characteristics, NBS Tech. Note 364 (Apr. 1968). 
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CONFERENCE “’ PUBLICATION Sriofs 


WORKSHOP ON MASS SPECTROMETRY 


Basic problems in mass spectrometry will be examined 
in a Workshop on Mass Spectrometric Analysis of Solids, 
which will be sponsored and hosted by the National Bu- 
reau of Standards, November 18 and 19, 1968, at its 
laboratories in Gaithersburg, Md. 

The Workshop, open to all engaged in the mass spec- 
trometry of solids, is designed to promote discussions of 
the basic problems in this area as well as to aid in the 
exchange of ideas, experiences, and techniques. A main 
topic on the agenda will be surface studies; an important 
part of that discussion will be the problems associated with 
the ion-probe mass-analyzing technique. 

Program and registration information may be ob- 
tained from A. J. Ahearn or P. J. Paulsen, Rm. A121, 
Chemistry Bldg., National Bureau of Standards, Wash- 
ington, D.C. 20234. 


DIFFUSION OF ATOMS IN CRYSTALS 


Drawing in part on his own contributions to the sub- 
ject, John R. Manning, Chief of the Metal Physics Section 
of the NBS Institute for Materials Research, recently pub- 
lished Diffusion Kinetics for Atoms in Crystals,‘ a book 
whose aim, as described in its preface, is “to provide a 
systematic discussion of diffusion from an atomic random- 
walk approach.” Books on diffusion generally include a 
brief description of the simple random-walk equations. 
but a sufficiently thorough and systematic treatment has 
been lacking. Dr. Manning’s goal was to fill this gap in 
the literature. 

Diffusion equations are derived by considering atoms 
that follow random walks or modified random walks. By 
tracing in detail the different possible paths of individual 
atoms and vacancies, the author relates large-scale dif- 
fusion measurements to atom jump frequencies and jump 
probabilities. Important modifications of the simple equa- 
tions result from driving forces, diffusion coefficient gradi- 
ents, and correlation effects, all of which are examined 
with some care. 

Although emphasis is on the atomic approach, the less 
detailed, but for many purposes convenient, continuum 
approach is introduced in order to compare it with the 
results that follow from consideration of atomic mecha- 
nisms. To keep the work within bounds, only those dif- 
fusion mechanisms that are of importance at moderate 
and high temperatures are considered. This means that 
the discussion concentrates on diffusion in the interior of 
crystals in regions having a lattice structure, and no de- 
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tailed attention is given to diffusion depending on line or 
surface defects. 

The first of the book’s seven chapters sets forth the basic 
equations in a form consistent with kinetic theory. Chap- 
ter 2 deals with the uncorrelated random walk with con- 
stant diffusion coefficient; and correlation effects, which 
arise when the direction of one jump by a given atom 
influences the directions of succeeding jumps by that 
atom, are discussed in Chapter 3. In the next two chapters, 
major modifications of the random-walk equations are 
derived for such driving forces as electric fields, chemical 
concentration gradients, and temperature gradients. In 
Chapter 6, thermodynamic continuum equations are dis- 
cussed and compared with the kinetic equations derived in 
the preceding chapters. General applications and some spe- 
cial topics are considered in Chapter 7. To aid the reader, 
a list of symbols is included, and a list of references is 
given at the end of each chapter. 


INTENSITY-RELATED DATA FOR SPECTRUM OF 
NEUTRAL IRON 


A detailed knowledge of the spectrum of neutral iron 
(Fe 1) is of great importance in laboratory spectroscopy, 
plasma physics, and astrophysics, as indicated by the large 
number of iron lines commonly found in stellar spectra. 
The solar spectrum, for example, has five times as many 
lines arising from iron as from any other element. 

In view of the current interest in this spectrum, C. H. 
Corliss and J. L. Tech have compiled a homogeneous set 
of intensity-related data of gf-values for 3288 lines of Fe I 
in the region from 2100 to 9900 angstroms. These values 
are distinguished from earlier presentations in that the 
new calculation of gf-values removes an empirically de- 
termined excitation correction that had been applied to 
affects the 
values for all lines whose upper energy levels lie above 
16 000 cm™ and should significantly improve the internal 
consistency of the present data. These data are available in 
NBS Mono. 108, Oscillator Strengths and Transition 
Probabilities for 3288 Lines of Fe 1 * (66 pages, 45 cents). 


STANDARD NUCLEAR INSTRUMENT MODULES 


Practically all modular nuclear instrumentation cur- 
rently produced in the United States is in accordance with 
the Nuclear Instrument Module (NIM) System. The AEC 
Committee on Nuclear Instrument Modules was formed 


earlier measured values. The recalculation 


in 1964 to draw up specifications for the standard mod- 
ules to assure mechanical and electrical interchangeability. 
The standard issued by this committee was adopted and 

continued on page 227 
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IMPROVED HIGH-FREQUENCY 
VOLTAGE 
DIVIDER 


Voltage dividers are in consider- 
able demand for electronic applica- 
tions. When with a definite, 
known input voltage they are a con- 
venient means of providing definite, 
known lesser voltages. Such dividers 
are extensively used by electronic 
equipment manufacturers, by the mili- 
tary forces, and by electronics stand- 
ards laboratories. 


used 


Although voltage dividers generally 
perform satisfactorily at audiofre- 
quencies. accuracy has long been a 
problem at radiofrequencies. Re- 
cently. however. the NBS Institute for 
Basic Standards has achieved high 
accuracy in this range using a decade 
inductive voltage divider of special 
design developed by D. N. Homan 
and T. L. Zapf of the Institute’s Radio 
Standards Engineering Division at 
Soulder. Colo. Thus far 
with the divider have been 
limited to 100 kHz. but it is expected 
to be useful at much higher frequen- 
cies. The device should be of value as 
a standard for calibrating other di- 


measure- 
ments 
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D. N. Homan examines a high-frequency 
voltage divider developed at NBS. 


viders, as an instrument for measur- 
ing voltage ratio and attenuation, and 
as ratio arms in bridges used for im- 
pedance measurements. 

This divider employs special guard- 
ing and two-stage transformer tech- 
niques’ to reduce errors in voltage 
ratio at radiofrequencies. For exam- 
ple, measurements at 100 kHz with 
the new device indicate that the inher- 
ent errors in the in-phase component 
of voltage ratio are less than 5 X 10-7 
of the input voltage. An analysis sug- 
gests that only a small fraction of 
these errors are inherent in the di- 
vider; the largest contribution to the 
errors appears to arise from sources 
related to the measurement process, 
including the input and output con- 
nections. 

The NBS divider design overcomes 
the two major limitations on accuracy 
at high frequencies that are inherent in 
other available inductive voltage di- 
viders; namely, (1) excitation current 
which causes voltage drops in the 
leakage inductances of the sections of 


the winding, and (2) current fro 
stray admittances between sections of 
the winding which causes voltage 
drops in the leakage inductances of 
the sections. 

With the dividers that have been 
available, the net errors from sources 
such as these are quite small at low 
audiofrequencies, e.g., 5 X 10-7 at 
1 kHz. To achieve this accuracy, mag- 
netic cores having very high per- 
meability are used to assure that the 
leakage inductances are extremely 
small as compared to the mutual in- 
ductances of the windings. In addi- 
tion, special winding techniques are 
used to minimize errors. These tech- 
niques include the bundling of wires 
so as to randomize the wire position in 
the bundle. When such dividers are 
used at higher frequencies, however, 
errors in voltage ratio increase signifi- 
cantly, even though the design is 
scaled for optimization at higher 
frequencies. 

In the present voltage divider the 
excitation current is reduced by using 
two-stage transformer techniques. The 
design includes two magnetic cores 
and two windings, a principal induc- 
tive divider winding and an excita- 
tion winding. The inductive divider 
winding is wound on both cores; one 
of the cores also has an excitation 
winding with the same number of 
turns as the inductor divider winding. 
The excitation winding on the one 
core induces most of the voltage in 
the inductive divider winding, and 
thus carries most of the excitation cur- 
rent. Consequently the inductive di- 
vider winding carries only that small 
fraction of excitation current neces- 
sary to provide the difference (as a 
self-induced emf) between the ap- 
plied voltage and the voltage induced 
in the main winding by the excitation 
winding. 

The stray admittances between the 
ten sections of the new divider are 
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MEASUREMENT SEMINARS 
. AND WORKSHOPS 
1968-1969 Series 


ror 


s of 


Seminars and workshops on 13 topics, listed below, have the course. Detailed information on schedules and housing 


been announced for the 1968-1969 series of NBS Measure- will be available at that time. Those accepted will be ex- 
nt Seminars and Workshops (previously called “Preci- pected to study the assigned reading material before coming 


n- Measurement Seminars”). Except for the last two in to the course and should be prepared to discuss their own 


t 
e list, these are scheduled to be given either at the NBS _ experiences with related problems. 
laboratories in Gaithersburg, Md., indicated by (G), or in c by 
Boulder, Colo., indicated by (B). The announced topics are Problems in Metrication (G) 
follows: Brief Description: This 3-day seminar is designed to partly 
Problems in Metrication (G) fulfill the needs of design and research and development 
Thermometry and Pyrometry (G) engineers and of scientists who are encountering or expect 
Low-Frequency Electrical Standards (G to encounter problems arising from increasing use of the 
Colorimetry and Spectrophotometry (G) metric system. Subjects covered will include history, struc- 
Photometry (G) ture, development and use of the International System of 
Length, Angle, and Geometry Measurements (G) Units, thinking in metric terms, U.S. standards and metric 
Fundamentals for Gas-Laser Length Measurements (G) standards, development of dual capability, problems of 
Frequency and Time Stability (B) screw threads, discussion of special problems proposed 
Laser Power and Energy Measurements (B) attendees. 
High-Frequency and Microwave Power (B) Prerequisites: Attendees must have 
High Frequenc y Calibration Workshop (B gineering or one of the physical sciences o1 
Precision and Accuracy education and experience, and be engaged 
High-Frequency and Microwave Impedance search and development, measurement, planning, or 
The seminars and workshops are one of several NBS activ ing activities that involve the subject matter 
provide advice and assistance on m lremen i Arrangements: Participants will be selected 
libration problems to the growing num star technical experience and professional respo 
boratories in tracing to NBS standards the accuraci { $150. Dates: March 19, 20, 21, 1969. Apply to: 
easurement needed for research work, factory production, National Bureau of Standards, Washington, D.( 
field evaluation. Participation is open to a limited number 


sing f persons from measurement and standards laboratories who Thermometry and I yrometry (G) 


The eet appropriate prerequisites relating t tio orl Brief Description: The 4-day seminar will deal 


9res erience, and current professional activity bration of common types of thermocouples and the 


Beas yurse (seminar or workshop) lasts from two 1 materials by the comparison method and the 

uc- neetir ; levoted to le res. group dis« method dures f 7 librat f 

: meetings are devoted to lectu t Ip dl nethod; procedures for he libration of 

‘ita- ns, and laboratory demonstrations. A course y be can- noble metal thermocouples by direct con 

ider elled if registration is insufficient. Howeve n the optical pyrometer; description and discussion of the thermo- 

one requests for enrollment have nearly alway 1 dynamic Kelvin and International Practical Temperature 
, 


tion bers that could be accommodated. Laboratory direct: Scales: the NBS acoustical thermometer and germanium ré¢ 


of 


ing. etter of application to the individual 1 di 1e course of brightness temperatures of nonblackbodies 


o wish to have members of their staff attend any sistance thermometers; platinum resistance thermometers 


yurses are therefore urged to send, as soon as ] ble, from 13.8 to 1063 K;: realization of IPTS and 


Letters should lude weiianniie . wndites 
one i Cre SHOUtIC i¢ i¢ i . t pyromete r. new probpien 


> in ndidate’s qualific itions in terms of the i I precision phe toelectrix 
Che form at the end his rt be us r thi ind techniques used 
an¢ 


p ions lal he ( mpante py act \ will be dis« ussed 
cur- villing authorization, or purchase order for the states ; included. 
di- cceptance jualifed applicants, on the basis of { Prereqt 
th bein 


pulval 
i 


nall ne Orst ° 

iia t 1ot han four weeks prior to t! heduled d rf e rentl : ed at professional 
Ie 

iS a 

ap- 

iced 


tion 


the 
are 


etin 





work involving precision temperature calibrations. Prepara- 
tion should include a review of the NBS Special Publication 
300, Vol. 2, Temperature, and NBS Monographs 37 and 41 

Arrangements: Group will be limited to 30, selected on the 
basis of academic qualifications and technical experience. 
Fee: $175. Tentative dates: March 25, 26, 27, 28 


» al Apply 
to: H. H. Plumb, NBS Heat Washington, D.( 
20234. 


1969 


Division, 


Low-Frequency Electrical Standards (G) 


Brief Description: Two a} ming ire plan 
information on the acc 


isurement 


present 


trical quantities and the calibration of electrical st 


Each will cover the measurement methods used by 
reau to establish and maintain the basic electrical 


to calibrate customers’ standards of resistance, inductan 


' 


capacitance, voltage, current, and power from dire¢ 


up through 30 kHz 


sist of lectures and den 


The program of each seminar 
1onstrations in the Electri 
J 


phasis will be on measureme 


laboratories. Em 


useful to workers in standards 


which should be 
tion laboratories 
Candidates must have college 

in physics or electrical engineering and must be 


engaged in professional work in precise electri 


Prerequisites 


ments at a level involving the reference standa 
Preference 


to those whose position involves the 


bask 
calibration or standards laboratory 
training 
precise electrical measurements 


{rrangements: ttendance each seminar will 


to 50 persons and, for laboratory demonstratic 


will be divided into subgroups I $115. Date 
15. 16 and April 28, 29, 30, 1969 Apply to: R 


NBS Electric ity Division, W isk ington, D.¢ 0234 


Colorimetry and Spectrophotometry (G) 


Brief Description: A 


measurement in its psychological and physical aspe 


th 


3-day seminar that deals 


jects to be treated are: The psychophysics 


uniform color space, 


color-« ystems, 
photodetector response, 
tion of colorimetry, metamerism 
urement. The 
and visits to 
laboratories 

Prerequis 
in physics, 

, 


involve da in 


either in a direct 


supervisory 


inar, candidates iti e turnis! 


and copie Ss Of se lected articles 


{rrangements Group will be 
basis of academic qual 


Dates: May 5, 6, 7, 1969. Apply 
ogy Division, Washington, D.( 


cation 


Photometry 
Brief Descriptior 
mentals and nomen 
icteristics of photodete 


and luminance; measurement 


standards; projection photometry; statistical control of 
photometric calibrations. 

Prerequisites: Applicants must have college-level training 
in physics or engineering and must be currently engaged at 
a professional level in photometry or fields related thereto, 
Preparation for the seminar 


J. W. T. Walsh, Photometry. 


Arrangements: Group will be limited to 50, selected on the 


should include review of 


basis of academic training and professional experience. Fee; 
$200. Dates: May 12, 13, 14, 15, 1969. Apply to: C. A. 
Douglas, NBS Metrology Division, Washington, D.C. 20234 


Length, Angle, and Geometry Measurements (G) 


Brief Description: The first two days of this 5-day seminar 
will be shared with the participants attending the Seminar 
A ddi- 
tional topics to be covered include: Absolute and mechanical 
gage block measurement, polygon and angle block measure- 
ment; interferometric optical flats and 
j 


diameter; survey tape calibration; surface plate; 


on Fundamentals for Gas-Laser Length Measurements 


measurement of 
surfa 

texture and gear metrology. Experimental and statistical 
programs for determination of systematic, random, and in- 
strumental error will be discussed. Theoretical development 
will be 


supplemented with laboratory sessions where cla 
members can use NBS calibration equipment. Speaker 
dinner will discuss U.S. problems in metrification. One open 
session will be 


provided for special individual appointm 


visits to other areas of interest. 


Prerequisites: It is desirable that candidates have coll 


level training in engineering or physics or equivalent exp 


dimensional metrology. Review of NBS 
Handbook 77, Vol. III, pp. 1-350; Ditchburn, Light, Ch. I-\ 
VII, IX, XIII, XIV, and Habell and Cox, Engineering Optic 
Ch. IV-VII will be helpful. 


{rrangements: Group will be limited to 30, 


rience in precise 


selected on 
basis of need for the training. Fee: $280, which includes co 
uinner and coffee breaks. Dates: May 12, 13, 14, 15 
16, 1969. Apply to: A. G. Strang, NBS Engineering 
Washington, D.C. 2023 


of one 
ogy Section, 


Fundamentals for Gas-Laser Length 
Measurements (G) 


Brief Desc ription: 


seminar are: 


Topics to be covered during the 2-da 
Fundamental interferometry, length inter 
ferometry, light sources for interferometry, gas lasers, NBS 
laser instrumentation, practical pointers on > of lasers 
laser alinement interferometers and holography 


Prerequisites: It is desirable applicants have college 


level training in engineering or or equivalent prac 


al experience in precise dimensional metrology. Prepara 
tion should include review of Ditchburn, Light, Ch. I-IX 
XITI-XV. 
{rrangements: limited to 40. Fee: $120 
NBS E1 


20234 


(B) 


will develop a lan 


instabil 


Group will be 
Dates: May 12, 13, 1969. Apply to: A. G 
ineering Metrology Section, Washington, D.( 


Strang, 


Frequency and Time Stability 


Brief De scription: The 4-day 


that will allow clear characterization of the 


seminal 


a 
itomic clocKS 


tomic frequency standards and in 


Definitions of precision, accuracy, and stability will be 





given allowing the supplier and the user to communicate on 
capabilities of frequency 


precise 


the specifications and 
standards and clocks. The seminar will show how to meas- 
ire and what to expect in the short-, intermediate-, and long- 


term stability of cesium beams, hydrogen masers, rubidium 
gas cells, and quartz crystal oscillators. Seminar material will 
e pertinent in the following areas: Time dispersion in 
itomic clocks; use of portable clocks; time synchronization 
timing centers; measurement and analysis of frequency 
und time data as may be used in calibrations, with informa- 
ion on low-noise techniques. 

Prerequisites: Candidates must have college-level training 
n physics or electrical engineering, or equivalent experience, 
nd must be working at a professional level with frequency 


Preparation for the 


systems 


lards o1 


tan precise timing 
should include a review of pertinent parts of the 
1966 issue of the Proceedings of IEEE. Other 
materials will be supplied at the time of acceptance notifi 


cation and should be studied in preparation 


eminar 


February 


entative 


1969. 


Attendance will be limited t« 
February 18, 19 
Allan, NBS Atomic Frequer 


Colo. 80302. 


{rrangements 
fee: $150. Tentative dates 


Apply to: D. W. 


“ff indards ser 


Time 


tion, Boulde I 


Laser Power and Energy Measurements (B) 
Brief Description: The 2-day 


techniques used by NBS to calibrate 


seminar will discuss the 


various ser powel 
The wavelength range will be 


»> to 200 W 


nd energy measuring devices 


188.0 nm to 10.6 um; cw power levels will rai 


and pulse energy to 100 J. Measurement of average power 
and peak power of high rep-rate lasers will also be discussed. 

Prerequisites: Candidates must have college-level training 
in engineering or physics, or equivalent experience, and must 
be currently engaged in precision measurements at a pro- 
fessional level. 

Arrangements: Attendance will be limited to approxi 
mately 40. Approximate fee: $15. Tentative dates: March 3, 
4, 1969. Apply to: Administrative Officer, NBS Radio Stand- 
ards Physics Division, Boulder, Colo. 80302. 


High Frequency and Microwave Power (B) 


Brief Description: The 3-day program will include topics 


of interest to those concerned with rf power measurement 
and calibration in coaxial and rectangular waveguide sys 
tems. Areas to be covered include analysis and evaluation of 
calibration systems, mismatch and other transfer errors, and 
descriptions of NBS primary standards. Other topics such as 
measurement techniques and state-of-the-art instrumentation 


will be discussed. Accuracies and 


used in Ex 


Lectures and discussions will be 


types of instruments 
helon I, II, and III laboratories will be 


supplemented by laboratory 


given. 


demonstrations 
Prerequisites: Candidates must have college-level training 
physics, or equivalent experience, and 


engaged in precision measurements at a 


in engineering or 
must be currently 
professional level 
Attendance will be limited to 


$200. Dates: March 26, 27, 28, 


{rrangements ipproxi 


mately 30. Tentative fee 1969. 


APPLICATION FOR REGISTRATION 


NBS MEASUREMENT 


litle and date ol course 


Date of application 


(ampany or ag 


litle of position in company o1 


College level training: 


tory ex perience 


Available reprints of the il to 


et} 


acce pt ince ot 


mater 


lis application. 


SEMINARS AND WORKSHOPS 





Apply to: Paul A. Hudson, NBS Radio Standards Engineer 


ing Division, Boulder, Colo. 80302 


High-Frequency Calibration Workshop (B) 


Brief Description: The 5-day workshop will 
tities measured in presently available |} 
tion services from NBS. These will include cw power 
urements; impedance and VSWR measurement 
tion difference and insertion loss measurements 
measurements; Cy { i measurements; antenna 
strength measurement techniques; effective ne 
ture measurements; pt voltage and power 
Oral presentations will inc lude a discussior 
tion techniques used at NBS, and the en 
which NBS calibrations are b will 
plained. Extensive measurement theory 
except as a necessary conceptual aid 
typical calibrations will be arranged 

bstantial portion 

mie of the 

problems will be included 

Prerequisites The works 
metroiogist - rh Is 
rienced operatin 
supervisory cal 


pervisory engine 


some benefit fron 


Arrangements: Attendance probably will be limited to ap- 
proximately 50. Approximate fee: $300. Dates: April 21, 22, 
23, 24, 25, 1969. Apply to: F. X. Ries, High-Frequency Cali- 
NBS Radio Standards Engineering Divi- 
sion, Boulder, Colo. 80302. 


bration Services, 


High-Frequency and Microwave Impedance 


Brief Description: This is a 3- to 5-day seminar. While the 
discussion will include background material on measure- 
ment philosophy, errors and accuracy, standards, the con- 
nector problem, and the effect of impedance on quantities 
such as power and attenuation, the major emphasis will be 
on techniques for making meaningful impedance measure- 
ments. The treatment will be nonmathematical and practical 
rather than theoretical. 

Prerequisites: The seminar is aimed at “practicing metrol- 
ogists’—the operating calibration technician and his first- 
line supervisor. 

{rrangements: $300. The seminar will 
be presented on the East Coast and on the West Coast in 
January, February, or March of 1969. The exact dates and 
Apply to: L. E. Huntley, NBS Radio 
Standards Engineering Division, Boulder, Colo. 80302. 


Approximate fee: 
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PRINCIPAL INDUCTIVE 


TER SHIELD 
DIVIDER INPUT ” 


PRINCIPAL INDUCTIVE 
DIVIDER WINDING 
(INNER CONDUCTOR) 


MAGNETIC CORES 


GUARD 
(OUTER CONDUCTOR) 


from coaxial cable. 
conductor the 
winding; its outer 
cuard. The guard 


very nearly eliminated by a guard 
around the inductive divider winding. 
The inductive divider winding and 
the guard are coaxial and are made 


is 


CONFERENCE BRIEFS continued 


implemented with astonishing rapidity by laboratories 
and industries throughout the world. Thus, it has dra- 
matically alleviated the interchangeability problem that 
accompanied the advent of transistorized modular 
instruments. 

A second revision of the module specifications has now 
been issued to permit dispensing with all previous addenda 
and supplements. Prepared by Louis Costrell of the NBS 
Center for Radiation Research, Standard Nuclear Instru- 
ment Modules,? TID-20893 (Rev. 2), January 1968 (32 
pages, 25 cents) lists specification requirements, together 
with comments and drawings. Information on various 
items, such as logic levels and connector pin assignments, 
which formerly appeared only in the drawings, has been 
included in the report. 


SCHEDULED NBS-SPONSORED CONFERENCES 


Each year NBS sponsors a number of conferences cover- 
ing a broad range of topics in science and technology. 
The conferences listed below are either sponsored or co- 


October 1968 


Cutaway view of 
the voltage divider. 


end of each section and guard poten- 
tial is applied to the center of each 
guard section. The guard potentials 
are generated at taps brought out from 
the excitation winding on the single 
core. 

Performance characteristics of the 
new divider (which may be called a 
two-stage, guarded, decade inductive 
voltage divider) and the limitations 
of the design are now being investi- 
gated. Errors in voltage ratio are be- 
ing measured by a step-up method * 
using equipment designed for 100 
kHz operation. Further work will be 
directed toward examination of errors 
introduced by the input and output 
connections. Also, performance over 
a wide frequency will be 
examined. 


INNER SHIELD 


span 


1 Cutkosky, R. D., Active and passive direct 
reading ratio sets for the comparison of audio- 
frequency admittance, J. Res. NBS 68C (Engr 
and Instr.), No. 4, 227 (Oct.—Dec. 1964). 

2Sze, W. C., An injection method for self- 
calibration of inductive voltage dividers, J. Res. 
NBS 72C (Engr. and Instr.), No. 1, 49 (Jan.- 
Mar. 1968). 


The cable’s inner 
inductive divider 
conductor is the 
is broken at the 


sponsored by NBS and are open to all interested persons 
unless specifically noted. If no address is indicated, the 
conference will be held at NBS, Gaithersburg, Md., and 
inquiries should be sent in care of Special Activities Sec- 
tion, Rm. A600, Administration Bldg., National Bureau of 
Standards, Washington, D.C. 20234. 

Standards for High Pressure Research. Oct. 14-18. 
Contact: C. W. Beckett (NBS Heat Division). 
American Cybernetics Association. Oct. 23-25. Con- 
tact: Carl Hammer (UNIVAC). 

Seminar on Durability of Insulating Glass. Nov. 14— 
15. Cosponsor: ASTM Committee E-6 on Methods of 
Testing and Building Construction. Contact: 
Robinson (NBS Building Research Division). 
Workshop on Mass Spectrometry. Nov. 18-19. Con- 
tact: A. J. Ahearn (NBS Analytical Chemistry Division). 
Symposium on Natural Products. Dec. 12. Cospon- 
sor: Chemical Society of Washington. Contact: G. Brauer 
(NBS Polymers Division). 


1 Manning, John R., Diffusion Kinetics for Atoms in Crystals, D. Van 
Nostrand Co., Inc., Princeton, N.J., 1968, 245 pages. Price, $9.75. 

* Available from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402, for the price indicated 


Henry 









This column regularly reports significant developments 
in the program of the National Standard Reference Data 
System. The NSRDS was established in 1963 by the Pres- 
ident’s Office of Science and Technology to make critically 
evaluated data in the physical sciences available to science 
and technology on a national basis. The System is ad- 
ministered and coordinated by the National Bureau of 
Standards through the NBS Office of Standard Reference 
Data, located in the Administration Building at the NBS 
Gaithersburg Laboratories. 


Standard Reference Data Act Passed 


On July 11, 1968, the Standard Reference Data Act 
became law. Section | of the Act declares: 

“The Congress hereby finds and declares that reliable 
standardized scientific and technical reference data 
are of vital importance to the progress of the Nation’s 
science and technology. It is therefore the policy of 
the Congress to make critically evaluated reference 
data readily available to scientists, engineers, and 
the general public. It is the purpose of this Act to 
strengthen and enhance this policy.” 

The Act authorizes and directs the Secretary of Com- 
merce to set up a comprehensive standard reference data 
system within the Department, and provides certain addi- 
tional authorities needed for the efficient operation of the 
program. 

In hearings on the Bill that preceded the enactment, 
Congressman E. Daddario declared that a strengthened 
standard reference data system was essential for the effi- 
cient conduct of the Nation’s research and development 
effort. The purpose of the National Standard Reference 
Data System (NSRDS) is to deal with an important aspect 
of the broad science information problem by producing 
and disseminating compilations of critically evaluated 
quantitative data on the physical and chemical properties 
of materials. It makes data of known reliability conven- 
iently available to scientists and engineers, thereby reliev- 
ing them of the time-consuming necessity of searching the 
available literature and attempting to evaluate data in 
fields in which they may not be expert. NSRDS provides 
a systematic approach to the work that has been done in 
a piecemeal, uncoordinated, and less efficient manner by 


228 


individual members of the scientific and technical com- 
munity. Congressman Daddario has observed that the 
present lack of a comprehensive standard reference data 
system has cost the Nation hundreds of millions of dollars 
a year in duplicated work, wasted effort, equipment fail- 
ures, and equipment that has been over-designed to com- 
pensate for lack of critically evaluated data. 

To accomplish the purposes of the National Standard 
Reference Data Act, the Secretary of Commerce has re- 
ceived increased authority, which includes discretional 
authority to copyright materials from the program. This 
will permit a sales price and policy that would return some 
funds to NSRDS, thereby lowering the support cost of 
the program to the public. 

In summary, Public Law 90-396 provides the legal 
framework necessary for a more comprehensive expanded 
standard reference data system. 


Partial Grotrian Diagrams 


About 40 years ago, German scientist W. Grotrian de- 
vised a graphical representation for the relationship of 
characteristic spectrum lines of various atoms and ions to 
their quantum energy levels, and gave many examples for 
atoms and ions with one, two, and three valence electrons. 
These “Grotrian diagrams” have been of great value to 
astronomers as well as to physicists. 

NSRDS-NBS-23, Partial Grotrian Diagrams of Astro- 
physical Interest’ (55 cents), by Charlotte E. Moore and 
Paul W. Merrill, is an exact reprint of Appendix A of the 
book by the late Paul W. Merrill entitled Lines of the 
Chemical Elements in Astronomical Spectra. This book 
was published in 1956 as a Carnegie Institution of Wash- 
ington Publication (Number 610). 

NSRDS-NBS-23 contains partial Grotrian diagrams 
of selected spectra of astrophysical interest that give wave- 
lengths, multiplet numbers, and key letters for the tran- 
sitions shown. The diagrams are accompanied by tabu- 
lar keys in which the key letters indicate related lines in 
spectra similar in structure to those illustrated in the di- 
agrams. There are 39 diagrams of spectra between hydro- 
gen and nickel and tabular keys for 90 spectra between 
lithium and rhenium. 

When Mr. Merrill was planning his publication, he re- 
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quested Dr. Moore to prepare a set of selected partial 
Grotrian diagrams for inclusion as Appendix A. Since 
he 1956 publication of his book, many scientific re- 
earchers have found valuable use for the Grotrian di- 
rams. Continued requests for copies of the Grotrian 
liagrams have indicated a need for making them more 
venerally available. The Carnegie Institution of Washing- 
ton generously gave permission to the Office of Stand- 
ard Reference Data to reprint the Grotrian diagrams as a 
separate publication. 


Rigid Asymmetric Rotor Tables 
NSRDS-NBS-12, Tables for the Rigid Asymmetric Ro- 


tor: Transformation Coefficients from Symmetric to 
Asymmetric Bases and Expectation Values of P?, P?, and 
P®? (60 cents), by R. H. Schwendeman, has been pub- 
lished. The rigid asymmetric rotor provides the first ap- 
proximation for treating the rotational energy of asym- 
metric molecules. It is thus of considerable importance in 
the interpretation of both pure-rotational spectra and the 
rotational fine structure in vibrational and electronic 
bands. The quantum mechanics of the rigid asymmetric 
rotor has been discussed in many places, and several 
tabulations of energy eigenvalues and direction-cosine 
matrix elements are available. For some purposes, how- 
ever, it is necessary to have an explicit description of the 
asymmetric rotor eigenfunctions. This can be given most 
conveniently in terms of the transformation coefficients 
from a symmetric rotor basis to the asymmetric rotor 
basis. 

NSRDS-NBS-12 presents tables of computed quanti- 
ties associated with the rigid asymmetric rotor. The first 
part of this volume is a tabulation of transformation co- 
efficients for varying degrees of asymmetry. The first group 
of tables gives transformation coefficients from symmetric 
to asymmetric rotor bases. These coefficients permit the 
eigenfunctions of the asymmetric rotor to be written in 
terms of symmetric-rotor eigenfunctions. In the second 
part, the angular-momentum expectation values P?, P?, 
and P® are tabulated. In both sets of tables values are 
given at intervals of 0.1 in the asymmetry parameter k 
and for J<15. The tabulated quantities find use in the 
analysis of microwave rotational spectra and the rota- 
tional fine structure in vibrational and electronic band 
spectra. 


Microwave Spectral Tables 


NBS Monograph 70, Volume V, Microwave Spectral 
Tables, Spectral Line Listing’ ($4.75), by Marian S. 
Cord, Matthew S. Lojko, and Jean D. Petersen, is the last 
of a planned five-volume series. The series presents a 
comprehensive compilation of microwave spectra, includ- 
ing measured frequencies, assigned molecular species, as- 
signed quantum numbers, and molecular constants deter- 
mined from these data. Volume 1, Diatomic Molecules, 
Volume I], Line Strengths of Asymmetric Rotors, and 
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Volume V, Spectral Line Listing, have been published. 
Volume III, Polyatomic Molecules with Internal Rotation, 
and Volume IV, Polyatomic Molecules Without Internal 
Rotation, are both in press. 

Volume V, Spectral Line Listing, will be of interest to 
microwave spectroscopists and those who apply microwave 
spectroscopy to analytical and other practical purposes. 
The great accuracy with which microwave lines can be 
measured, the broad range of frequencies that can be 
covered, and the sharpness of microwave lines make this 
field of spectroscopy comparable to optical atomic spec- 
troscopy in many ways. 

This volume is a listing of the spectral lines reported in 
Volumes I, II], and IV. The lines have been automatically 
sorted and are listed according to ascending frequency. 
For each spectral line, data are given in the following 
order: The formula for the molecular isotopic species; the 
number of the volume of the series in which the line was 
originally tabulated; the identification number used in 
that volume for ready reference; the rotational quantum 
number; the frequency and its accuracy. 

In a foreword written for Volume V, E. Bright Wilson, 
Harvard University, comments: “Naturally, no set of 
tables of this kind can be complete, either with respect to 
the substances covered or the spectral lines of any given 
substance, so the fact that an observed line is not listed in 
these tables is not usually meaningful. However, if the 
spectrum of a given substance has been partly mapped and 
listed herein, its presence in a mixture (if its proportion is 
high enough) should be readily detected if enough of the 
observed lines are searched for in the present listing. When 
a line has been tentatively identified, one can then turn to 
Volumes I, III, or IV and look for 
other known strong lines of the substance to use as 
corroboration.” 


of this series 


Thermodynamic Properties of Ammonia 


Critically evaluated data on the thermodynamic func- 
tions for ammonia as an ideal gas at atmospheric pressure 
have been published as NSRDS-NBS-19! (20 cents), 
Thermodynamic Properties of Ammonia as an Ideal Gas. 
In this publication by Lester Haar, the ideal gas thermo- 
dynamic properties of ammonia in the ground electronic 
state are calculated and presented in tables at closely 
spaced temperature intervals from 50 to 5000 K. The cal- 
culations include the contributions of ordinary vibrational 
anharmonicity and _vibrational-rotational coupling to- 
gether with rotational stretching and rotational quantum 
effects. Mr. Haar gives particular attention to the treat- 
ment of rotational and vibrational anharmonic effects 
caused by molecular inversion. The thermodynamic func- 
tions presented in the tables include C3/R, (H° —Eo) 


RT, (E8—G°)/RT, and S°/R. 


1 These publications are available from the Superintendent of Documents 
U.S. Government Printing Office, Washington, D.C. 20402, for the price 
indicated 
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STANDARD PLATINIUM RESISTANCE THERMOMETERS 


The calibration facilities for standard platinum resist- 
ance thermometers at the National Bureau of Standards 
are again fully operational. At the same time, because of 
changes in equipment and procedure instituted during the 
suspension of services, the accuracy of some of the services 
has been improved and the turn-around time for all of 
them has been shortened materially. 

Services were interrupted in the first place because of 
the move of NBS from its former location in Washington, 
D.C., to new laboratories in Gaithersburg, Maryland. How- 
ever, the dismantling of the calibration apparatus, which 
the process of removal made necessary, gave an excellent 
opportunity for introducing a number of improvements 
that were then under development, and this occasioned 
further delays. Some of the services were resumed over 
a year ago; others, in particular the calibrations in the 
low-temperature range between 10 K and 90 K, where 
changes in apparatus were most extensive, could not be 
made available again until quite recently. 

In the temperature range from about 300 °C to 630 °C 
(about 573 K to 903 K), calibration errors have been 
reduced by roughly a factor of two, primarily as a result 
of substituting the freezing point of zinc for the boiling 
point of sulfur as a reference temperature. Test results 
in the 10 K to 90 K range, which are still being analyzed, 
also show a distinct improvement in accuracy. 

Turn-around time has also been substantially improved. 
For any one specified calibration, the time interval from 
the date of receipt (of both the Purchase Order and the 
thermometer ) to the date on which the material is shipped 
back to the customer, is expected not to exceed six weeks. 
Previously, in contrast, the interval was rarely less than 
three months. 

The services involved are those listed under item num- 
bers 221.113a through 221.113h, as described in the pub- 
lication, Calibration and Test Services of the National Bu- 
reau of Standards.' 


COAXIAL BOLOMETER UNITS WITH 7-mm CONNECTORS 
Over the Frequency Range of 4 to 17 GHz 


A calibration service for the measurement of effective 
efficiency * of coaxial bolometer units fitted with 7-mm 
precision-type connectors has been announced by the 
Radio Standards Engineering Division (Boulder. Colo.) 
of the NBS Institute for Basic Standards. The recent avail- 
ability of 7-mm precision-type connectors * has made it 
possible to extend the frequency range to 17 GHz. The 
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STANDARDS AND GALIBRATIO! 


former calibration range of coaxial bolometer units was 
limited to 10 GHz. 

Coaxial bolometer units calibrated by NBS are used as 
interlaboratory standards and form the principal link to 
the NBS reference standards of radiofrequency power in 
coaxial equipment. The calibrated bolometer units can be 
used by other standards laboratories to calibrate their 
power measurement devices. They also serve as an ac- 
curate means of checking the operation of power measur- 
ing systems. 

The calibration of coaxial bolometer units in the fre. 
quency range of 4 to 17 GHz is based upon two methods 
of calibrating waveguide bolometer units, used as working 
standards, in terms of waveguide reference standards. In 
the range of 3.95 to 7.05 GHz use is made of the imped. 
ance method of measuring the efficiency of the working 
standards. In the range from 7.05 to 17 GHz the calori- 
metric method is used. In turn, the waveguide working 
standards are used to calibrate coaxial bolometer units by 
the adapter method,‘ the final result being an accurate 
measurement of effective efficiency over a wide frequency 
range that is obtained by this two-step procedure. Al- 
though a transfer is made from one type of transmission 
line to another in the second step, the uncertainty in meas- 
urement of effective efficiency of a coaxial unit is reason- 
ably small. 

Calibrations can be performed at any rf power level 
between 1 and 10 milliwatts. Limits of uncertainty of 
measurement are dependent upon the frequent of calibra- 
tion and upon impedance characteristics of the bolometer 
unit. For a reflection coefficient magnitude no greater than 
0.25, the uncertainty is lowest (-+0.8 percent) in the 
range of 7.05 to 12.4 GHz. Similarly, the limits of uncer- 
tainty are + 1.3 percent in the frequency range of 4 to 7.05 
GHz and +1.2 percent in the range of 12.4 to 17 GHz. 


STANDARD FREQUENCY AND TIME BROADCASTS 
WWV—2.5, 5.0, 10.0, 15.0, 20.0, and 25.0 MHz 
WWVH-—2.5, 5.0, 10.0, and 15.0 MHz 
WWVB—60 kHz 


Radio stations WWV (Fort Collins, Colo.) and WWVH 
(Maui, Hawaii) broadcast signals that are kept in close 
agreement with the UT2 scale by making step adjust- 
ments of 100 ms as necessary. Each pulse indicates that 
the earth has rotated approximately 15 arcseconds about 
its axis since the previous one. The pulses occur at inter- 
vals that are longer than one second by 300 parts in 10"° 
due to an offset in carrier frequency coordinated by the 
Bureau International de ’Heure (BIH), Paris, France. 
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Adjustments are made at 0000 UT on the first day of a 
inonth. There will be no adjustment made on November 1, 
608. 

Radio station WWVB (Fort Collins, Colo.) broadcasts 
»onds pulses derived from the NBS Time Standard 
\BS-III) with no offset. Step adjustments of 200 ms are 
1ade at 0000 UT on the first day of a month when neces- 


sary. BIH announces when such adjustments should be 
made in the scale to maintain the seconds pulses within 
about 100 ms of UT2. There will be an adjustment made on 
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STANDARDS FOR REMOTE COMPUTER OPERATION 


Early Voluntary Standardization Sought 











The present and anticipated rapid growth in the num- 
ber of persons having access to computers from remote 
terminals has led the NBS Center for Computer Sciences 
and Technology to appraise the need for standardizing 
user procedures and data formats. John L. Little of the 
Center has directed this work, which includes a study by 
Rockford Research Institute, Inc. Mr. Little and Calvin N. 
Mooers of Rockford conclude ' that the users’ dialogue 
with the computer system can take place with the use of a 
small number of stylized terms, facilitating standardization. 

Today a scientist or businessman subscribing to a com- 
mercial service gets access to the central computer from 
his own “terminal,” a typewriterlike keyboard and cir- 
cuitry for connecting the two by a telephone line. Now 
more than 2000 units have access to shared computers and 
it is expected that by 1972 something like 300 000 termi- 
nals will be incorporated in about 15 000 storage and 
processing complexes, large and small. 

To obtain computer services the subscriber has only to 
place a telephone call and then keyboard his identifica- 
tion, data, and instructions. The computer output he wants 
can be printed out, in most cases virtually immediately. 
by the same terminal. 

Unfortunately there is almost no agreement among the 
various systems on means of calling for the same opera- 
tion. If present trends are not successfully opposed, users 
may find themselves increasingly confused about how to 
“speak” with the computer—much like a traveler unsure 
of whether to ask directions in French, Spanish. or 


Port uguese. 
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Inlormation 


November 1, 1968. The seconds pulses emitted from 
KWVB will be retarded 200 ms. 


‘Calibration and Test Services of the National Bureau of Standards, 
NBS Spec. Publ. 250, 1968 ed., for sale at $1.75 per copy by the Superin- 
tendent of Documents, U.S. Government Printing Office, Washington, D.C. 
20402 

* The effective efficiency of a bolometer unit is the ratio of substituted 
dc power in the bolometer unit to the rf power dissipated within the unit 

*TEEE Standard No. 287 for Precision Coaxial Connectors. To be pub- 
lished in the September 1968 issue of IEEE Trans. Instr. Meas 

‘Engen, G. F., Coaxial power meter calibration using a waveguide 
standard, J. Res. NBS 70C (Engr. and Instr.), No. 2, 127-138 (Apr.—June 
1966). 
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With disappearance of the original novelty of the com- 
puter, its users are becoming less inclined to endure 
technical difficulties, such as having to learn more than 
one system language. This is of economic importance to 
computer systems, which to survive must sell their services. 

Computer systems now benefit from standardization in 
certain areas. On the media level. for example, magnetic 
tape is found to be of specified widths, thicknesses, and 
magnetic characteristics. Hollerith cards are of a certain 
size and have punches of the size and locations that are 
readily machine recognizable. 

Another area of successful standardization is data en- 
coding; all users of punched cards recognize that punches 
in a certain two positions of a column represent an “A.” 
Underway at present are efforts to standardize computer 
language: USASCII (The USA Standard Code for Infor- 
mation Interchange) may ultimately serve all Federal and 
other computer users. 

Now needed by the computer user community is stand- 
ardization of procedures for communicating with the 
central computer. User signals to gain access to the system, 
to delete, and to stop an operation, for example, should be 
as universally recognized as is the meaning of an octagonal 
red sign at an intersection. 

Unfortunately, not enough similarity in usage exists 
among computer services to select a form that is a con- 
sensus: codes suggested by any standardizing committee 
will no doubt be unfamiliar to most users. However, 
standards should be selected and advanced now to avoid 
creater cost later. 

‘Little, J. L., and Mooers, C. N., Standards for user procedures and 
data formats in automated information systems and networks, Proc. Spring 


Joint Computer Conference, Atlantic City, N.J., Apr. 30—-May 2, 1968 
(Thompson Book Co., Washington, D.C.). 
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STAN DARD 
REFERENCE 
MATERIALS 


Standard Reference Materials are well-characterized ma- 
terials disseminated by NBS to be used in calibrating and 
evaluating measuring instruments, methods, and systems 
or to produce scientific data that can be referred readily 
to a common base. These materials are certified for chem- 
ical composition or for a particular physical or chemical 
property. They are used on-site in science and industry 
for calibrating the instruments and methods used for pro- 
duction and quality control of raw materials, chemicals, 
metals, ceramics, fuels, and radioactive nuclides in manu- 
facturing processes and in research. This column regularly 
reports on the issuance of new and renewal Standard Ref.- 
erence Materials and on latest developments in the Stand- 
ard Reference Materials Program. 


pD AND pH STANDARDS ISSUED 


Eight new standards have recently been added to the 
more than 650 standards available from the NBS Office of 
Standard Reference Materials.'! These standards are for 
use in preparing five standard buffer solutions that de- 
fine specific values of ion activity on the pD and pH scales. 

Of the eight standards, five are used to make three buffer 
solutions defining ion activity values on the pD scale, 
while the others make two buffer solutions for use with the 
pH scale. 


pD Standards 


Since World War II, the use of heavy water (D.O, 
deuterium oxide) has increased greatly, particularly in 
nuclear technology, chemical synthesis, and biomedical 
research. For example, nuclear magnetic resonance has 
become a convenient tool for following chemical reactions 
in solution. The solvent must be deuterium oxide rather 
than water because the hydrogen ions (or protons) in 
water would obliterate the resonance of the protons of the 
compound being studied. 

Such use of heavy water required the development of 
a pD scale to measure the pD values of deuterium-contain- 
ing solvents. NBS scientists did this,? and have now de- 
veloped standards with which commercial glass electrode 
pH meters may be used to give experimental pD values 
with an uncertainty of less than 0.02 pD unit.* 

The new pD standards are: NBS No. 2186-1, Potassium 
Dihydrogen Phosphate; NBS No. 2186-II, Disodium 
Hydrogen Phosphate; NBS No. 2190, Potassium Dihydro- 
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gen Citrate; NBS No. 2191, Sodium Bicarbonate; and 
NBS No. 2192, Sodium Carbonate. The pD(S)* values 
of buffer solutions made with these materials in heavy 
water are certified over a temperature range from 5 to 
50 °C. NBS Nos. 2186-I and 2186-II are used to form 
a single standard buffer solution, as are Nos. 2191 and 
2192; NBS No. 2190 makes a third standard buffer 
solution. 

The potassium dihydrogen phosphate (KH,PO,), di- 
sodium hydrogen phosphate (Na,HPO,), sodium bi- 
carbonate (NaHCO,), and sodium carbonate (Na.CO,) 
used in these standards are from lots prepared to ensure 
high purity and uniformity. They meet the specifications 
of the American Chemical Society for reagent-grade chem- 
icals, but should not be considered entirely free from im. 
purities, such as traces of water, free acid or alkali, car- 
bon dioxide, chlorides, sulfur compounds, and_ heavy 
metals. 

The pD(S) values were derived from the emf of cells 
without liquid junctions by a method of calculation anal- 
ogous to that for the assignment of pH(S)* values.* The 
uncertainty of the assigned values for pD(S) is estimated 
not to exceed 0.01 unit. 

The research leading to the development of these stand- 
ard reference buffers was performed by Maya Paabo and 
Roger G. Bates of the NBS Analytical Chemistry Division.’ 
NBS Nos. 2186-I, 2186-II, 2191, and 2192 cost $36 for 
30-gram units; and NBS No. 2190 costs $40 for 60-gram 
units. All are sold with certificates of analysis and direc- 
tions for use.° 


pH Standards 


The new pH standards are: NBS No. 190, Potassium 
Dihydrogen Citrate; No. 191, Sodium Bicarbonate; and 
No. 192, Sodium Carbonate. The pH(S)* values of the 
standard buffer solutions prepared with these standards in 
water are certified over a temperature range from 0 to 
50 °C. NBS Nos. 191 and 192 are combined to form a 
single standard buffer solution while No. 190 makes 
another standard buffer solution. 

In a 0.05m solution, No. 190 has a pH(S) of 3.78. 
Thus, its pH lies between that of the saturated potassium 
acid tartrate solution (made from NBS Standard No. 188) 


The terms pD(S) and pH(S) refer to ion activities of standard buffer 
solutions (S). 
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Standards for pD measurements in heavy water have 
been established with cells such as the one being placed 
into the thermostat by Maya Paabo. 


and the 0.05m solution of potassium acid phthalate (made 
from NBS Standard No. 185d). However, the citrate 
buffer is much more stable than the tartrate buffer and is 
not subject to reduction at the hydrogen electrode, as is 
potassium hydrogen phthalate. The buffer solution con- 
sisting of 0.025m sodium bicarbonate (No. 191) and 
().025m sodium carbonate (No. 192) has a pH(S) of 
10.00, which extends the scale 0.8 unit in the basic di- 
rection. 

The values were derived from the emf of cells without 
liquid junction.’ The uncertainty of the assigned pH(S) 





value is estimated not to exceed +0.005 pH unit from 
0 to 50 °C. 

The lots of sodium bicarbonate (NaHCO,) and sodium 
carbonate (Na,CO,) were prepared to ensure high purity 
and uniformity. They meet the specifications of the Amer- 
ican Chemical Society for reagent-grade materials but 
should not be considered entirely free from impurities, 
such as traces of water, free acid or alkali, silica, chlorides, 
sulfur compounds, and heavy metals. 

The research leading to the preparation and certifica- 
tion of these new standard reference buffers was _per- 
formed by Bert R. Staples and Roger G. Bates of the NBS 
Analytical Chemistry Division.* 

NBS Nos. 191 and 192 cost $28 for 30-gram units, and 
NBS No. 190 costs $40 for 60-gram units. They are sold 
with certificates of analysis and directions for use.° 


'For a complete list of Standard Reference Materials available from 
NBS, see Standard Reference Materials: Catalog and Price List of 
Standard Materials Issued by the National Bureau of Standards, NBS 
Misc. Publ. 260 (1968 ed.), for sale by the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 20402, for 45 cents. 
Quarterly insert sheets which update Misc. Publ. 260 are supplied to 
users on request 

* Gary, R., Bates, R. G., and Robinson, R. A., Second dissociation constant 
of deuterophosphoric acid in deuterium chloride from 5 to 50°—Stand- 
ardization of a pD scale, J. Phys. Chem. 68, 3806 (1964). 

’ Bates, R. G., Standardization of acidity measurements, Anal. Chem 
40, 28A (May 1968). 

* Bates, R. G., Revised standard values for pH measurements from 0 to 95 
°C, J. Res. NBS 66A (Phys. and Chem.), 179 (1962). 

* These standards may be purchased for the price indicated from the 
Office of Standard Reference Materials, Rm. B308, Chemistry Bldg., 
National Bureau of Standards, Washington, D.C. 20234. 


PATENTS GRANTED ON NBS INVENTIONS 


The following patents have been granted to NBS in- 
ventors and are assigned (or licensed as indicated) to 
the United States of America, as represented by the Secre- 
tary of the Department noted in parentheses: 


3,329,957 July 4, 1967 
Antenna System Employing Human Body as Radia- 
tor. (Commerce) Dagfin S. Hoynes 
3,331,228 July 18, 1967 
Combination Lock. (GSA) Richard W. Armstrong 
3.331.656 July 18, 1967 
Chemically Crimping Nylon Fibers Through Forma- 
tion of Disulfide Bonds Therein. (Commerce) 
Stephen D. Bruck 
3,339,948 Sept. 5, 1967 
Pipe Coupling. (Air Force) Daniel H. Weitzel 
3,354,411 Nov. 21, 1967 
Coaxial Transmission Line T-Junction Having Rec- 
tangular Passageway Dimensioned Beyond Cutoff 
for Higher Order Modes. (Commerce) Myron C. 
Selby 


October 1968 


3,354,544 Nov. 28, 1967 
Method and Apparatus for Making Electrical Ele- 
ments. (Navy) Frank E. Jones and Alfred B. Castle, 
or. 

3,366,562 Jan. 30, 1968 
Method of Conducting Electrolysis in a Solid lonic 
Conductor Using an Electron Beam. (Commerce) 
Abner Brenner 

3.371,036 Feb. 27, 1968 
Method and Apparatus for Growing Single Crystals 
of Slightly Soluble Substances. (Commerce) John L. 
Torgeson and H. Steffen Peiser 

3,371,064 Feb. 27, 1968 
Fluorophenyl Vinyl Ethers and Their Polymers. 
(Navy) Leo A. Wall and Walter J. Plummer 

3,375,387 Mar. 26, 1968 
Fluid Cooled Multi-Foil Beam Window for High 
Power Beam Tubes. (Commerce) James E. Leiss, 
Samuel Penner, and John L. Pararas 

3,378,257 Apr. 16, 1968 
Apparatus for Moving and Orienting Limp Pieces of 
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PATENTS continued 


Material. (Commerce) Ira D. Boynton and Robert 
H. Bode 

3.378.351 Apr. 16, 1968 
Complex Compounds of Molecular Oxygen. (Army) 
Robert A. Ruehrwein and Joseph S. Hashman 


[Note: In the July 1968 Technical News Bulletin, 
the following patents were either omitted or listed 
incorrectly. ] 











3,230,366 Jan. 18, 1966 
Universal Stroboscopic Electron Schlieren Detec or 
Having Beam-Pulse Synchronizing Means. (Navy 
Stanley R. Mielezarek, David C. Schubert, an 
Ladislaus L. Marton 

3,276,062 Oct. 4, 1966 
Mercury-Adsorbent Retrieving Devices. (Commerce 
Francis J. Palumbo 

3.281.679 Oct. 25, 1966 

Modulated Subcarrier System for Measuring Attenu- 

ation and Phase Shift. (Commerce) George E. Shafer 


1 


PUBLICATIONS of the National Bureau of Standards* 


PERIODICALS 


Technical News 


Bulletin, Volume 52, No. 9, September 1968, 
15 cents. Annual subscription: Domestic, $3: foreign, $4. 


Available on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards. 

Section A. Physics and Chemistry. Issued six times a_ year. 
Annual subscription: Domestic, $6; foreign $7.25. Single copy. 
$1. 

Section B. Mathematical Sciences. \ssued quarterly. Annual 
subscription: Domestic, $2.25; foreign, $2.75. Single copy, 75 
cents. 

Section C. Engineering and Instrumentation. Issued quarterly. 
Annual subscription: Domestic, $2.75: 
copy, 75 cents. 


OTHER NBS PUBLICATIONS 


Bates, R. G., Ed., Electrochemical Analysis Section: Summary of 
activities, July 1967 to June 1968, Tech. Note 453 (July 1968), 
55 cents. 

Beam, A. E., and Hilsenrath, J.. PRECISE: A multiple precision 
version of Omnitab, Tech. Note 446 (June 1968), 55 cents. 

Editorial format for Product Standards, PSO-67 (July 1968), 10 


cents. 


foreign, $3.50. Single 


Hall, L. A., A bibliography of thermophysical properties of methane 
from 0 to 300° K, Tech. Note 367 (May 1968), 60 cents. 

Moore, C. E., and Merrill, P. W., Partial Grotrian diagrams of 
astrophysical interest, NSRDS-NBS-23 (June 1968), 55 cents. 

Mosburg, E. R., Jr., and Lojko, M.S., Solution of the Abel integral 
transform for a cylindrical luminous region with optical distor- 
tions at its boundary, Tech. Note 368 (July 1968), 25 cents. 

Newman, M., Matrix representations of groups, AMS60 (July 
1968). 60 cents. 

Passaglia, E., Ed., Research on high temperature materials at the 
National Bureau of Standards, Tech. Note 447 (July 1968), 20 
cents, 

Roder. H. M., MeCarty, R. D.. and Johnson, V. J.. Saturated liquid 
densities of oxygen, nitrogen, argon, and parahydrogen, Tech. 
‘Note 361 (Jan. 1968), 50 cents. 

Schwendeman, R. H., Tables for the rigid asymmetric rotor: Trans- 
formation coefhcients from 


symmetric to asymetric and 
expectation values of P,*, P,', and P,", NSRDS-NBS-12 (June 
1968). 60 cents. 
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Acquista, N., Schoen, L. J., and Lide, D. R., Jr., Infrared spectrum 
of the matrix-isolated OH radical, J. Chem. Phys. 48, No. 4, 
1534-1536 (Feb. 1968). 


(dams, J. W., and Desch, R. F., Experimental confirmation of bar- 
retter substitution error, IEEE Trans. Microwave Theory 
Technol. MTT—16, No. 3, 201-202 (Mar. 1968). 

\mbrose, J. R., and Kruger, J., The stress-corrosion of Ti and Ti- 
8A1-1Mo-1V in methanol vapour, Corrosion Sci. 8, 119-124 
(1968). 

Bates, R. G., Standardization of acidity measurements. Extension 
of the pH concept to mixed solvents and heavy water, Anal. 
Chem. 40, 28A-38A (May 1968). 

Bennett, J. A., To avoid fatigue failures, pay attention to details, 
Current Engr. Pract. 9, 12-16 (Sept. 1966). 

Billick, I. H., Dishon, M., Weiss, G. H., and Yphantis, D. A, 
Numerical solutions of the Lamm equation. IV. Rotor slowing 
experiments, Biopolymers 5, 1021-1028 (1967). 

sillick, I. H., Schulz, M., and Weiss, G. H., Quasi-equilibrium 
sedimentation experiments with rotor deceleration, J. Phys. 
Chem. 71, No. 8, 2496-2502 (July 1967). 

Bollacasa, D., and Goldman, D. T., Importance of upscattering in 
the calculation of neutron spectra, Proc. Intern. Atomic Energy 
Agency Symp. on Neutron Thermalization and Reactor Spectra, 
Ann Arbor, Mich., July 17-21, 1967, 1, 537-554 (IAEA, Vienna, 
Austria, 1968). 


Branscomb, L. M., The role of atomic collision processes in astro- 
physics, Book, The Physics of Electronic and Atomic Collisions: 
Invited Papers from the Fifth International Conference, Lenin- 
grad, U.S.S.R., July 17-23, 1967, Ed. L. M. Branscomb, pp. 12- 
31 (Joint Institute for Laboratory Astrophysics, University of 
Colorado, Boulder, 1968). 

Brenner, A., and Metzger, W. H., Jr., Determination of the com- 
position of complexes and their instability constants by calori- 
metry. If. The complex in fused sodium molybdate and 
molybdenum trioxide, J. Electrochem. Soc. 115, No. 3, 258-261 
(Mar. 1968). 


Caldwell, B. P.. Kubelka-Munk 


coefficients from transmittance. 

Chang, S. S., and Bestul, A. B., Heat capacities for atactic poly- 
styrene of narrow molecular weight distribution to 360°K, J. 
Polymer Sci. 6, Part A-2, 849-860 (1968). 

Childs, G. E., and Hanley, H. J. M., Applicability of dilute gas 
transport property tables to real gases, Cryogenics 8, No. 2, 94- 
97 (Apr. 1968). 

Cohen, M. L., and Blunt, R. F., Optical properties of SrTiOs in the 
region of the absorption edge, Phys. Rev. 168, No. 3, 929-933 
(Apr. 1968). 
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Cooper, M. J., and Mountain, R. D., Interpretation of relaxation 
times in the “electric-field effect on critical opalescence,” J. 
Chem. Phys. 48, No. 3, 1064-1066 (Feb. 1968). 
y-liss, E. L. R., Burnett, E. D., Kobal, M. T., and Bassin, M. A., 
The relative importance of frequency distortion and changes in 
time constants in the intelligibility of speech, IEEE Trans. Audio 
Electroacoustics AU—16, No. 1, 36-39 ( Mar. 1968). 
wrliss, E. L. R., Burnett, E. D., and Stimson, H. F., Polyacusis, a 
hearing anomaly, J. Acoust. Soc. Am. 43, No. 6, 1231-1236 
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Cornell, R. G., and Speckman, J. A., Estimation for a simple ex- 
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search methods used in examining patent applications in the 
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27, 1965, XXI, 672-677 (1965). 
rumlish, J. D., and Wirth, G. F., A preliminary study of engineer- 
ing seismology benefits, Environmental Science Services Ad- 
ministration, Coast and Geodetic Survey (Superintendent of 
Documents, U. S. Government Printing Office, Washington, D.C. 
20402, Aug. 1967, 35 cents). 

Cushen, W. E., Systems engineering—Where did it come from . . . 
where will it go? Consulting Engr. 30, No. 3, 130-134 (Mar. 
1968). 

Cuthill, J. R., McAlister, A. J., and Williams, M. L., 
spectroscopy of alloys: TiNi and the Ni-Al system, J. 
39, No. 5, 2204-2208 (Apr. 1968). 

deMain, P. A. D., and Marron, B. A., The SOLID SYSTEM. I. A 
method for organizing and searching files (Proc. 3rd Ann. Colloq. 
on Information Retrieval, Philadelphia, Pa., May 12-13, 1966), 
Book, Information Retrieval, A Critical View, Ed. G. Schecter, 
pp. 243-282 (Thompson Book Co., Washington, D.C., 1967). 

Dibeler, V. H., and Walker, J. A., Mass spectrometric study of the 
photoionization of small polyatomic molecules (Proc. Conf. on 
Mass Spectrometry, Berlin, Germany, Sept. 1967), Book, Ad- 
vances in Mass Spectrometry, 4, 767-780 (The Institute of 
Petroleum, London, England, 1968). 

Dick, C. E., Marella, A. B., and Miller, W. C.. A simple beam 
positioning system for low energy electrons, Nucl. Instr. Meth- 
ods 60, 346-348 (1968). 

Dickson, R. W., and Anderson, R. C., Temperature dependence of 
the elastic moduli of 91Y-0,; + 9ThO. from 25° to 1100°C, J. 
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Durst, R. A., Fluoride microanalysis by linear null-point potenti- 
ometry, Anal. Chem. 40, No. 6, 931-935 (May 1968). 


Durst, R. A., May, E. L., and Taylor, J. K., Improved technique for 
the microdetermination of silver by linear null-point potenti- 
ometry, Anal. Chem. 40, No. 6, 977-978 (May 1968). 

Eisenhart, C., Expression of uncertainties of final results, Science 
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Eisenhauer, C., Gamma radiation fluxes near a ground-air inter- 
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177 (1968). 


Fell, H., and Mather, J., Barely faithful algebras, Math. Monthly 
72, No. 9, 1001-1003 (Nov. 1965). 


Flynn, D. R., and O'Hagan, M. E., Measurements of the thermal 
conductivity and electrical resistivity of platinum from 100°C to 
900°C, Engelhard Ind. Tech. Bull. VIII, No. 4, 117-147 (Mar. 
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Franklin, A. 
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Appl. Phys. 


D., Born model calculation of defect energies in 
CaF., J. Phys. Chem. Solids 29, 823-841 (1968). 
Goldman, A. J., 


problem transformable to a best-path problem, Transportation 
Sci. 1, No. 4, 295-307 ( Nov. 1967). 


and Nemhauser, G. L., A transport improvement 
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random noise with special reference to flicker noise 1/ f , Proe. 


IEEE 56, No. 3, 251-258 (Mar. 1968). 
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metal(I) salts, J. Am. Chem. Soc. 90, No. 8, 2044-2048 (Apr. 
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Hamer, W. J., Battery, electric, Encyclopedia Americana 3, 357- 
363 (1967). 

Hamer, W. J., Using standard cells, Meas. Data 1, No. 6, 64-67 
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Hamer, W. J., and Wood, R. E., Electrolytic conductivity and elec- 
trode processes, Handbook of Physics, 2d ed., Ed. E. U. Condon 
and H. Odishaw, Part 4. Electricity and Magnetism, Chapt. 9, 
pp. 4-146—4+-171 (McGraw-Hill Book Co., New York. N.Y., 
1967). 

Hammond, H. K., III, Phototube response evaluation, Appl. Opt. 7, 
No. 5, 985 (May 1968). 

Harvey, M. E., Precision temperature-controlled water bath, Rev. 
Sci. Instr. 39, No. 1, 13-18 (Jan. 1968). 

Hayward, R. W., Nuclear electromagnetic radiation, Handbook of 
Physics, 2d ed., Ed. E. U. Condon and H. Odishaw, Part 9. 
Nuclear Physics, Chapt. 6, pp. 9-172—9-194 (McGraw-Hill Book 
Co., New York, N.Y., 1967). 

Heydemann, P. L. M., An ultrasonic pressure gage, J. Basic Eng. 
89, No. 3, 551-553 (Sept. 1967). 

Huget, E. F., Brauer, G. M., and Loebenstein, W. V., Apparent heats 
of wetting and heats of reaction of the components of tooth 
structure and synthetic fluorapatite, J. Dental Res. 47, No. 2, 
291-301 (Apr. 1968). 


Hutchinson, J. M. R., Naas, C. R., Walker, D. H. and Mann, W. B., 
Backscattering of alpha particles from thick metal backings as a 
function of atomic weight, Intern. J. Appl. Radiation Isotopes 19, 
517-522 (June 1968). 


Ives, L. K., and Ruff, A. W., Jr., Studies of the effect of annealing 
on extended dislocation nodes in silver-tin alloys, Phys. Stat. Sol. 
27, 117-123 (1968). 

Jensen, M. W., The Fair Packaging and Labelling Act of 1966 
Its history and its implementation, Monthly Rev. J. Inst. Weights 
Measures Admin. 76, No. 4, 3-6 (Apr. 1968). 


Johannesen, R. B., Relative signs of NMR coupling constants and 
isotope shifts in ammonium ions, J. Chem. Phys. 48, No. 3, 1414— 
1415 (Feb. 1968). 


Judd, D. B., Color vision and colorimetry, Handbook of Physics, 
2d ed., Ed. E. U. Condon and H. Odishaw, Part 6. Optics, Chapt. 
1, pp. 6-65—6-77 (McGraw-Hill Book Co., New York, N.Y., 
1967). 

Keller, R. A.. Intramolecular energy transfer between triplet states 
of weakly interacting chromophores. Il. Compounds in which 
the chromophores are perpendicular to each other, J. Am. Chem. 


Soc. 90, No. 8, 1940-1944 (Apr. 1968). 


Kneissl, G. J., Richmond, J. C., and Wiebelt, J. A., A laser source 
integrating sphere for the measurement of directional hemi- 
spherical reflectance at high temperatures (Proc. Thermophysics 
Specialist Conf. of ALAA, New Orleans, La., Apr. 17-20, 1967), 
Book, Thermophysics of Spacecraft and Planetary Bodies, Chapt. 
1, Radiation Properties of Solids and their Measurement, 20, 
177-202 ( Academic Press Inc., New York, N.Y., 1967). 

Kokoszka, G. F., and Brinckman, F. E., Electron paramagnetic 
resonance studies of phosphorus-containing reactive  inter- 
mediates, Chem. Commun. 7, 349-350 (Apr. 1968). 


Kuriyama, M., Dynamical calculation of the x-ray diffraction pro- 
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Larsen, N. T., 50 Microdegree temperature controller, Rev. Sci. 


Instr. 39, No. 1, 1-12 (Jan. 1968). 


Little. J. L., and Mooers, C. N., Standards for user procedures and 
data formats in automated information systems and networks, 
AFIPS Conf. Proc. Spring Joint Computer Conf., Atlantic City, 
N.J., Apr. 30-May 2, 1968, 32, 89-94 (Thompson Book Co., 
Washington, D.C., 1968). 
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Maki, A. G., and Thibault, R., Analysis of some perturbations in 
the », band of methyl chloride, J. Chem. Phys. 48, No. 5, 2163 
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Manning, J. R., Correlation factors for diffusion of vacancies in 
binary alloys (Proc. Subconference on Lattice Defects, Honolulu, 
Hawaii, Sept. 1965), Book, Lattice Defects and Their Inter- 
actions, Ed. R. R. Hasiguti, pp. 269-289 (Gordon and Breach, 
New York, N.Y., 1967). 

Marvin, R. S., Twenty years of rheology, Phys. Today (20th An- 
niversary Edition) 21, No. 5, 52-53 (May 1968). 

Mattis, R. L., Phillips, W. E., and Bullis, W. M., Measurement and 
interpretation of carrier lifetime in silicon and germanium, Tech. 
Rept. AFML-TR-68-81 (Air Force Materials Laboratory, Air 
Force Systems Command, Wright-Patterson Air Force Base, 
Ohio, July 1968) . 

Melmed, A. J., Field emission shadow microscopy, Appl. Phys. 
Letters 12, No. 3, 100-102 (Feb. 1968). 


Menke, J. L., and Schrack, R. A., Feeble field feeler, Nucl. Instr. 
Methods 57, 158-159 (1967). 


Milligan, D. E., and Jacox, M. E., Matrix-isolation study of the 
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J. Chem. Phys. 48, No. 5, 2265-2271 (Mar. 1968). 

Moore-Sitterly, C. E., Commission 14—Fundamental spectroscopic 
data report of meetings, 23 and 25 August 1967, Trans. Intern. 
Astron. Union 13B, 87-91 (1968). 


Newman, M., Pairs of matrices generating discrete free groups and 
free products, Mich. Math. J. 15, 155-160 (1968). 

Page, C. H., Electronic circuits, Handbook of Physics, 2d ed., 
Ed. by E. U. Condon and H. Odishaw, Part 4. Electricity and 
Magnetism, Chapt. 4, pp. 4-45—4-52 (McGraw-Hill Book Co., 
New York, N.Y., 1967). 

Rosenstock, H. M., Theory of mass spectra—A general review 
(Proc. Conf. on Mass Spectrometry, Berlin, Germany, Sept. 
1967), Book, Advances in Mass Spectrometry, 4, 523-545 (The 
Institute of Petroleum, London, England, 1968). 

Rush, J. J., and Flowtow, H. E., Vibration spectra of vanadium 
hydride in three crystal phases by inelastic neutron scattering, J 
Chem. Phys. 48, No. 8, 3795-3804 (Apr. 1968). 

Saunders, J. B., Precision measurements, Book, Advanced Optical 
Techniques, Chapt. 1, pp. 3-22 (North-Holland Publ. Co.., 
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Schneider, W. E., and Garvey, J. A., Procedures for determining 
the spectral responsivity of an infrared radiometer, Appl. Opt. 7, 
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Sengers, J. M. H. L., On the determination of virial coefficients from 
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(American Society of Mechanical Engineers, New York, N.Y., 
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rhermophysical Properties, University of Maryland, College 
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Smit, J., Ogburn, F., and Bechtoldt, C. J., Multiple twin structures 
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Stern, K. H., Membrane potentials and ion selectivity of fused 
silica in molten salts, J. Phys. Chem. 72, No. 6, 1963-1975 (June 
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Swartzendruber, L. J., and Bennett, L. H., Hyperfine field distribu 
tions in (ZrCoz), (ZrFe:).-2 alloys, J. Appl. Phys. 39, No. 2 
Part II, 1323-1324 (Feb. 1968). 

Swartzendruber, L. J., and Bennett, L. H., Line profiles in the 
nuclear magnetic resonance and Mossbauer effect of TiFe:-z Co, 
alloys, J. Appl. Phys. 39, No. 5, 2215-2220 (Apr. 1968). 


Swartzendruber, L. J., and Bennett, L. H., Mossbauer line structure 
in “non-magnetic” Cu-Fe and Cu-Ni-Fe alloys, Phys. Letters 274, 
141-142 (1968). 

Swindells, J. F., Thermometry and pyrometry, Handbook of 
Physics, 2d ed., Ed. E. U. Condon and H. Odishaw, Part 5, Heat 
and Thermodynamics, Chapt. 3, pp. 5-34—5-44 (McGraw-Hill 
Book Co., New York, N.Y., 1967). 

Sze, W. C., Comparator for calibration of inductive voltage dividers 
from 1 to 10 kHz, ISA Trans. 6, No. 4, 263-267 (Oct. 1967). 


Tighe, N. J., and Hyman, A., Transmission electron microscopy of 
alumina ceramics (Proc. Intern. Symp. on Anisotropy in Single 
Crystal Refractory Compounds, Dayton, Ohio, June 13-15, 1967), 
Book, Anisotropy in Single-Crystal Refractory Compounds, Ed. 
F. W. Vahldiek and S. A. Mersol, 2, 121-136 (Plenum Press Inc, 
New York, N.Y., 1968). 

Watson, R. E., Bennett, L. H., and Freeman, A. J., Origin of solvent 
Knight shifts in alloys, Phys. Rev. Letters 20, No. 13, 653-656 
(Mar. 1968). 

Wiederhorn, S. M., Shorb, A. M., and Moses, R. L., Critical anal- 
ysis of the theory of the double cantilever method of measuring 
fracture-surface energies, J. Appl. Phys. 39, No. 3, 1569-1572 
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Yakowitz, H., Evaluation of specimen preparation and the use of 
standards in electron probe microanalysis, Am. Soc. Testing 
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Youden, W. J., Statistical design of experiments, Handbook of 
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Co., New York, N.Y., 1967). 
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